p l a n e t s such as a Lunar Base o r a manned Mars f l i g h t mission, t h e CELSS becomes a n e s s e n t i a l f a c t o r of t h e f u t u r e technology t o be developed through u t i l i z a t i o n of Space S t a t i o n .
I n o r d e r t o prolong t h e d u r a t i o n of manned missions around t h e e a r t h and t o expand t h e human e x i s t i n g r e g i o n from t h e e a r t h t o o t h e r p l a n e t s such as a Lunar Base o r a manned Mars f l i g h t mission, t h e CELSS becomes a n e s s e n t i a l f a c t o r of t h e f u t u r e technology t o be developed through u t i l i z a t i o n of Space S t a t i o n . The preliminary SELI (System Engineering and I n t e g r a t i o n ) e f f o r t s regarding CELSS have been c a r r i e d o u t by t h e Japanese CELSS concept s t u d y group f o r c l a r i f y i n g t h e f e a s i b i l i t y of hardware development f o r Space S t a t i o n Experiments and f o r g e t t i n g t h e time phased mission s e t s a f t e r Fy ,1992.
The r e s u l t s of t h e s e s t u d i e s a r e b r e i f l y summarized and t h e r e a f t e r , t h e design and u t i l i z a t i o n methods of a Gas Recycle System f o r CELSS experiments a r e discussed.
I . PROPOSED EXPERIMENTS AND ITS MISSION ANALYSIS According t o NASA's c a l l f o r i n t e r n a t i o n a l p a r t i c i p a t i o n i n t h e Space S t a t i o n program, d a t a s o u r c e s f o r Space S t a t i o n U t i l i z a t i o n concepts i n many f i e l d s have been c o l l e c t e d a t t h e Japanese Space S t a t i o n Symposium h e l d i n October 1982.
Among t h e papers presented a t t h i s Symposium, e l e v e n experiment proposals a s shown i n Table 1 r e l a t e d t o CELSS have been e x t r a c t e d a s t h e d a t a source f o r CELSS mission a n a l y s i s .
Using t h e s e d a t a sources, e x t e n s i v e study f o r c l a r i f y i n g t h e development f e a s i b i l i t y of hardware necessary t o conduct t h e CELSS experiments with s t a t e of a r t equipment have been conducted. Each proposed theme was divided i n t o t h e r e s e a r c h items c l o s e l y connected w i t h experiment hardware and the necessary t i m e spans f o r developing hardware were i n v e s t i g a t e d considering t h e t e c h n o l o g i c a l maturity and e f f e c t i v e n e s s f o r experiments. Table 2 shows Kobe, Japan t h e strawman CELSS experiment concept and i s d e s c r i b e d i n next s e c t i o n .
CELSS EXPERIMENT CONCEPT
The CELSS i s t h e technology f o r making a s t a b l e ecology among animals and p l a n t s without re-supply of m a t e r i a l s and using a s p e c i a l c o n t r o l l e d environment.
Therefore t h e CELSS would be d i v i d e d i n t o two s e c t i o n s ; t h e environmental c o n t r o l s e c t i o n and t h e c u l t i v a t i n g and
breeding s e c t i o n of p l a n t s and animals.
I n t h e environment c o n t r o l s e c t i o n , a t l e a s t t h r e e major systems, shown Fig. 1, should be i n s t a l l e d f o r s u s t a i n i n g t h e gas environment, f o r water r e c y c l e and f o r decomposing waste m a t e r i a l s i n t o a f e r t i l i z e r s o l u t i o n .
I n t h e c u l t i v a t i n g and breeding s e c t i o n , t h e Algae and h i g h e r p l a n t c u l t i v a t i o n systems f o r converting carbon d i o x i d e t o oxygen and f o r producing food a r e t o be i n s t a l l e d . I n a d d i t i o n aminal and f i s h breeding systems f o r o b t a i n i n g animal p r o t e i n should a l s o be i n s t a l l e d .
I n o r d e r t o develop CELSS technology, i t i s necessary t o t a k e a long time span a s described i n previous s e c t i o n because b a s i c ground based experiments r e l a t e d t o the CELSS a r e required before developing t h e f l i g h t experiment hardware, and a l s o because t h e d a t a of s t a b i l i t i e s a b o u t t h e morphogenests +nd physiology of t h e h i g h e r p l a n t s and a l g a e i n space environment have not been f u l l y accumulated a t the p r e s e n t time. Based on the above c o n s i d e r a t i o n s , t h e time phased mission s e t s f o r u t i l i z i n g t h e space s t a t i o n were determined a s a Japanese strawman CELSS mission model.
(Reference 1 ) ( N i t t a , 1984) According t o t h i s mission model, t h e f i r s t time mission i s t o be conducted d u r i n g 1992 -1995 f o r e v a l u a t i n g t h e higher p l a n t and a l g a e c u l t i v a t i o n methods and f o r summing up t h e a v a i l a b l e d a t a a b o u t t h e s t a b i l i t y of R e p r i n t e d w i t h p e r m i s s i o n @ 1985 S o c i e t y o f A u t o m o t i v e E n g i n e e r s , I n c .
https://ntrs.nasa.gov/search.jsp?R=19860010438 2020-02-03T11:36:21+00:00Z T a b l e 1 Proposed Theme D e s c r i p t i o n of C o n t e n t F u n g i p r o d u c t i o n f o r c e l l u l o s e d e c o m p o s i t i o n , a n i m a l and f i s h b r e e d i n g f o r food p r o d u c t i o n , h i g h e r p l a n t and a l g a e p l a n t a t i o n f o r food p r c d u c t i o n and g a s c o n v e r s i o n , s a l t accumulat i o n p l a n t f o r sodium c h l o r i d e e x t r a c t i o n , h y d r o p h y t e p l a n t i n g f o r n i t r o g e n f i x a t i o n , methanogen f e r m e n t a t i o n f o r w a s t e management and c o n s t r u c t t h e c l o s e d e c o l o g y w i t h b i o s p e c i e s mentioned a b o v e . V e g e t a b l e p l a n t i n g f o r food p r o d u c t i o n and g a s c o n v e r s i o n . S o l a r l i g h t s u p p l y s y s t e m f o r p h o t o s y n t h e t i c r e a c t i o n of v e g e t a b l e .
Gas r e c y c l e system f o r s t a b i l i z i n g g a s e n v i r o n m e n t , w a t e r r e c y c l e s y s t e m f o r s u p p l i n g t h e n e c e s s a r y w a t e r , wet o x i d a t i o n s y s t e m f o r w a s t e management, h i g h e r p l a n t and a l g a e c u l t i v a t o r f o r food p r o d u c t i o n and g a s convers i o n , pliysico-chemical sodium e x t r a c t i o n s y s t e m , and low g r a v i t y g e n e r a t o r f o r t e s t i n g g e o t r o p i s m .
C h e t o t a x i s e x p e r i m e n t i n OG. O r g a n e l l a growth e x p e r i m e n t i n OG and g e o t r o p i s m e x p e r i m e n t of h i g h e r p l a n t . R e p r o d u c t i o n , growth, e n b r y o g e n e s i s and genet i c s e x p e r i m e n t i n OG u s i n g Mouse, Q u a i l and T i l a p i a , and b r e e d i n g t e c h n o l o g y development f o r f u t u r e food p r o d u c t i o n .
Gas r e c y c l e s y s t e m , w a t e r r e c y c l e s y s t e m and i n c i n e r a t i o n w a s t e management s y s t e m a r e recommended. EL-08 F i e l d of P l a n t R e s e a r c h i n Space C e l l c u l t u r e , pathogen s t u d y and p r o t e i n r i c h S t a t i o n f l o u r s e p a r a t i o n u s i n g OG.
EL-09 P l a n t Experiment Subsystem P l a n t c u l t i v a t o r , p h y t o t r o n d e s i g n .
EL-10 B i o c h e m i c a l S t u d i e s on e l e m e n t a r y Simple e c o s y s t e m and immobilized enzyme c y c l e s i n a Closed Ecosystem b i o -r e a c t o r f o r s u p p l e m e n t a r y food p r o d u c t i o n .
EL-11 Space S t a t i o n w i t h a n A r t i f i c i a l Large s c a l e e c o l o g i c a l l i f e s u p p o r t e x p e r i m e n t G r a v i t y ' s t a t i o n . Proposed R e s e a r c h I t e m s Reasons E s s e n t i a l l y r e q u i r e d f o r CELSS A f t e r t h e s l u d g e p r o b l e m i s s o l v e d Easy t o c o n d u c t w i t h p h y t o t r o n A f t e r t h e e f f e c t i v e n e s s i s examined E s s e n t i a l f o r a n i m a l p r o t e i n A f t e r t h e e f f e c t i v e n e s s i s 
E s s e n t i a l f o r e c o -s t a b i l i z a t i o n Same as EL-01 ( 1 ) E s s e n t i a l f o r g a s c o n v e r s i o n After e c o -s y s t e m e s t a b l i s h e d E s s e n t i a l f o r e c o -s t a b i l i t i e s E a s i l y o b t a i n e d w i t h w a t e r r e c y c l e s y s t e m E a s i l y o b t a i n e d w i t h w e t o x i d a t i o n method E s s e n t i a l f o r t e s t i n g g r a v i t
No. 
C E L S S C o n c e p t p h o t o s y n t h e s i s and t h e p o s s i b i l i t y of f o r human beings and animals, and carbon propagation under
t h e O-G environment i n dioxide and waste m a t e r i a l s such a s u r i n e and Manned Space S t a t i o n .
f e c e s should be taken away. The second time phased mission which Both t h e oxygen and food necessary t o c o n s t i t u t e s t h e dedicated mission is t o be animals, i n c l u d i n g human beings, a r e conducted d u r i n g 1995 -1998 f o r checking t h e o r i g i n a l l y generated from the photosynthetic Control p o s s i b i l i t y of a micro closed-ecology system using animals and f i s h i n s t e a d of human b e i n g s , and t h e t e s t i n g s and e v a l u a t i o n of t h e nrnentol Sect~on
IPrlrnotel
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non-biological system performance such a s t h e gas r e c y c l e system, t h e water r e c y c l e system and t h e wet o x i d a t i o n waste management system.
A r t i f i c i a l g r a v i t y e f f e c t s on t h e b i o l o g i c a l system a r e a l s o t o be e v a l u a t e d . I n t h e l a s t time phased mission, t h e main food supply and gas conversion from carbon d i o x i d e t o oxygen f o r a one man crew support a r e t o be t e s t e d using t h e p h o t o s y n t h e t i c
E n v~r o r e a c t i o n of t h e p l a n t and a l g a e and t h e necessary animal p r o t e i n production systems a r e t o be e v a l u a t e d using small animals and f i s h .
The experiment a r c h i t e c t u r e s f o r each mission a r e shown i n r e a c t i o n of p l a n t s and a l g a e using carbon dioxide and s o l a r l i g h t .
The carbon d i o x i d e c o n c e n t r a t i o n on t h e e a r t h i s s t a b i l i z e d by t h e f u n c t i o n of atmospheric c i r c u l a t i o n and t h e gas r e s e r v i o r f u n c t i o n of sea-water. This 0.03% C02 c o n c e n t r a t i o n i s not always a p p r o p r i a t e f o r p l a n t growth and i t seems p r e f e r a b l e t o use h i g h e r c o n c e n t r a t i o n s , 0.3% and s o on, f o r o b t a i n i n g maximum growth r a t e . Therefore, t h e Gas Recycle System t o be used i n CELSS experiments h a s t o have t h e a b i l i t y t o supply d i f f e r e n t CO c o n c e n t r a t i o n s t o the 2 c a b i n and animal vivarium and the phytotron o r higher p l a n t c u l t i v a t o r .
In o t h e r words, t h e Gas Recycle System should have t h e following f u n c t i o n s ,
( 1 ) t o s e p a r a t e carbon dioxide and oxygen w i t h i n t h e atmosphere provided from t h e c a b i n , t h e animal vivarium and/or t h e phytotron
Woter Breeding experiments and t h e i n v e s t i g a t i o n of i n d i v i d u a l l y , i n t e g r a t i o n methods t o t h e space s t a t i o n have ( 2 ) t o compress t h e s e p a r a t e d gases such been s t u d i e d and r e p o r t e d a s shown i n t h a t carbon d i o x i d e , oxygen and r e f e r e n c e s 2 , 3. n i t r o g e n can be s t o r e d i n high p r e s s u r e b o t t l e s , 3. FUNCTIONS OF GAS RECYCLE SYSTEM ( 3 ) t o r e l e a s e and supply t h e a p p r o p r i a t e gases t o t h e c a b i n , t h e animal The a p p r o p r i a t e q u a n t i t i e s of oxygen, vivarium and t h e phytotron i n d i v i d u a l l y food and water should be continuously s u p p l i e d through gas r e g u l a t o r manifolds. One i s a g a i n t h e 4-16) molecular s i e v e method which has t h e same Carbon dioxide gas s e p a r a t i o n , has t y p i c a l l y used t h r e e methods, t h e molecular s i e v e , t h e hydrogen p o l a r i z e d c e l l and chemical a b s o r p t i o n and d e s o r p t i o n methods. Each has been discussed f o r a p p l i c a t i o n t o CELSS experiments.
The molecular s i e v e method seems t o be most r e l i a b l e and has been used i n Skylab, however dehumidification and t h e p r e c i s e temperature and pressure c o n t r o l required f o r c o n s t r u c t i n g t h e system using t h i s method, would become more complicated.
The hydrogen p o l a r i z e d c e l l method r e q u i r e s hydrogen t o c o n c e n t r a t e carbon d i o x i d e , a g a i n t h e s e p a r a t i o n of hydrogen gas from t h e r e s u l t a n t gas and r e d u c t i o n of hydrogen g a s a r e r e q u i r e d .
The chemical a b s o r p t i o n and d e s o r p t i o n method seems t o become more important s i n c e s o l i d amine has been developed because of its regenerable and simple c h a r a c t e r i s t i c s i n s t e a d of LiOH, and the v a r i o u s a p p l i c a t i o n s a r e now being considered f o r use i n t h e environmental c o n t r o l system i n Space S t a t i o n .
Theref o r e , based on t h i s m a t t e r , t h i s chemical method using the s o l i d amine looks t o be more p r e f e r a b l e f o r adoption t o t h e CELSS d e f e c t as mentioned above.
The second i s t h e chemical a b s o r p t i o n and d e s o r p t i o n method using complex s a l t . This method has a l r e a d y been a p p l i e d t o t e s t i n g t h e atmospheric c o n t r o l of t h e submarine and t o t h e oxygen supply system f o r B-1 bomber, and t h i s method i s again p r e f e r a b l e f o r being adopted t o t h e CELSS experiment hardwares because of i t
o r being adopted t o t h e CELSS experiment hardwares.
The gas r e c y c l e system c a p a b i l i t y t o be designed has been assumed f o r supporting t h e r e s p i r a t i o n of a one man crew where t h e Therefore, t h e Gas Recycle System t o be used i n t h e CELSS experiments has t o have t h e a b i l i t y t o supply t h e s e q u a n t i t i e s of each gas.
DESIGN CONCEPT OF GAS RECYCLE SYSTEM
This r e a c t i o n has been d i r e c t l y a p p l i e d t o the C02 scrubbing u n i t i n submarines. Fig. 3 shows t h e gas r e c y c l e s y t s t e m However, i n space c r a f t under t h e microgravity f u n c t i o n a l diagram.
I n l e t gas i s ' a mixture of O2 (Oxygen), N2 ( N i t r o g e n ) , CO 
(Carbon d l o x i d e ) and v a r i o u s t r a c e contaminaAs.
A t t h e f i l t e r , t r a c e , contaminants a r e removed. C02 i s s e p a r a t e d and concentrated by a regenerable CO a b s o r b e r , and then, compressed 2 and s t o r e d i n t o t h e C02 gas b o t t l e . O2 i s a l s o s e p a r a t e d and concentrated by a regenerable O2 c o n c e n t r a t o r , and, compressed and s t o r e d i n t o t h e 0 gas b o t t l e . 2 Thus, i n l e t gas i s separated and concentrated i n t o C02, O2 and N gases. 2 Then, t h e s e g a s e s a r e mixed properly and s u p p l i e d t o v a r i o u s u t i l i t i e s .
GAS ABSORPTION AND DESORPTION
I n t h e gas r e c y c l e system, t h e r e a r e CO and 0 c o n c e n t r a t i o n p r o c e s s e s .
These a r i accomplished by two gas a b s o r p t i o n and desorpt i o n processes, one i s C02 a b s o r p t i o n and d e s o r p t i o n process using S o l l d Amine, and t h e o t h e r i s O2 a b s o r p t i o n and d e s o r p t i o n processes using Salcomine. 6.1 CO Absorption and Desorption Process ~0~ a b s o r p t i o n and d e s o r p t i o n i s g e n e r a l l y acomplished by using v a r i o u s kinds of amines, t h e chemical r e a c t i o n could be d e s c r i b e d a s shown below.
The s o l u t i o n of Ethanol k i n e , such a s Mono Ethanol Amine (MEA) and/or Diethanol Amine (DEA) absorbs C02 a t the normal temperature and desorbs C02 a t the high temperature, a s i n d i c a t e d by t h e following r e a c t i o n e q u a t i o n .
(normal temp.) RR'NH + H20 + C02 RR1NH2C03 (high temp .)
such chemical a g e n t s seem not t o be a p p r o p r i a t e because of t h e d i f f i c u l t i e s of t h e gas and l i q u i d s e p a r a t i o n . Therefore, t h e s o l i d i f i c a t i o n method of t h e amine: has been s t u d i e d and developed.
S o l i d Amine c o n s i s t s of micro porous beads whose s u r f a c e a r e coated with a n amine. The s u b s t r a t e of beads i s composed of a polymeric a c r y l i c e s t e r .
(Reference 17,18) Fig. 4 shows t h e C02 s e p a r a t i n g and c o n c e n t r a t i n g system lagram.
I n t h i s system, S o l i d Amine a b s o r b e s C02 a t the normal temperature, and o u t l e t gas from t h e s o l ' i d amine c a n i s t e r i s C02 l e a n g a s .
' P a r t of t h e C02 l e a n o u t l e t gas flow r e t u r n s t o t h e c a b l n atmosphere, and t h e r e s i d u a l p a r t of t h e flow i s l e d t o t h e next process.
When one c a n i s t e r becomes s a t u r a t e d with C02, t h e i n l e t flow is switched t o the o t h e r c a n i s t e r and CO a b s o r p t i o n i s continued i n 2 t h e new c a n i s t e r .
The CO s a t u r a t e d S o l i d
Amine c a n i s t e r i s heated an% desorbs t h e CO .
T h i s C02 gas i s led t o t h e CO compressor go be compressed and s t o r e d . 2
These S o l i d Amine c a n i s t e r s a r e used a s absorbing, desorbing and precooling, r e s p e c t i v e l y , and by t h e combination of c a n i s t e r c o o l i n g and h e a t i n g , continuous CO 2 s e p a r a t i o n and c o n c e n t r a t i o n can be accomplished. 6 shows t h e O2 s e p a r a t i n g and c o n c e n t r a t i n g system diagram.
In t h i s system, 0 i s absorbed i n t o t h e 2 Salcomine and N2 gas comes o u t of t h e 
F i g 4 C02 SEPARATING AND CONCENTRATING SYSTEM DIAGRAM c a n i s t e r o u t l e t . This o u t l e t N gas is l e d t o t h e cdmpressor t o be compressei and s t o r e d . When the Salcomine c a n i s t e r becomes s a t u r a t e d t h e a b s o r p t i o n c y c l e i s terminated and t h e d e s o r p t i o n cycle i s s t a r t e d , i n t h i s d e s o r p t i o n c y c l e t h i s c a n i s t e r i s heated and desorbs O2 gas.
This 0 g a s is l e d t o t h e 2 gas compressor t o b e compressed and s t o r e d .
Continuous 0 a b s o r p t i o n and d e s o r p t i o n i s c a r r i e d o u t gy means of c o o l i n g and h e a t i n g
t h r e e c a n i s t e r s a l t e r n a t e l y .
. CONSIDERATION FOR DESIGN
Various CELSS experiment equipment w i l l be considered i n t h e d e s i g n of the Gas Recycle Sys tem.
Phytotron ( P l a n t c u l t i v a t o r ) and RAHF (Research Animal Holding F a c i l i t y ) s o c a l l e d , t h e animal vivarium a r e c o n s i d e r e d . Fig. 7 shows a n example of Gas Recycle System a p p l i c a t i o n t o t h e Phytotron and RAHF. I n t h e RAHF, O2 i s consumed and C02 is exhaled by t h e metabolism of animals. I n Phytotron, CO is consumed and 0 is exhaled 2 according t o t h e p h o t o s y n t h e t i c 'reaction of p l a n t s . For s t a b i l i z i n g t h e and gas c o n c e n t r a t i o n s i n s i d e theo2 RAHF, is s u p p l i e d from Gas Recycle System, and t 8 e CO 2 i s pulled-out through t h e v e n t i l a t o r , t h i s vented gas i s mixed w i t h t h e g a s from t h e phytotron and t h e r e s u l t a n t g a s i s c i r c u l a t e d through t h e Gas Recycle System and CO is s e p a r a t e d and s t o r e d f o r re-use. F i g 7
GAS RECYCLE SYSTEM APPLIED TO RAHF AND PHYTOTRON
According t o t h e measurements of t h e pO
e s s u r e of CO ) i n s i d e $he RAHF t h e 0 supply 2 and gas v e n t i n g i s c o n t r o l l e d .
2
The d e v i a t i o n of t h e t o t a l p r e s s u r e (P) is compensated by t h e N2 g a s supply o r g a s d i s c h a r g i n g from t h e RAHF.
To t h e Phytotron, C02 i s s u p p l i e d from Gas Recycle System and t h e gas c o n t a i n i n g 0 2 i s a l s o taken o u t by mean of t h e gas v e n t i l a t o r and t h i s gas i s a g a i n mixed w i t h t h e g a s from t h e RAHF and s e n t t o t h e Gas Recycle System. CO supply i s necessary t o compensate t h e 2 pC02 decrease caused by t h e p h o t o s y n t h e t i c r e a c t i o n of p l a n t s .
The
PRELIMINARY RESULTS OF DESIGN
The Gas Recycle System mentioned h e r e comes from t h e d e s i g n concept of carbon d i o x i d e r e d u c t i o n system i n t h e c a b i n f o r supporting human r e s p i r a t i o n .
I t may be p o s s i b l e t o be a b l e t o improve t h e system f o r reducing power consumption.
However t h e more d e t a i l e d s t u d i e s on t h e phytotron, t h e RAHF and s o on w i l l become necessary f o r t h i s improvement.
Requirements
The d e s i g n g o a l of t h i s Gas Recycle System c a p a b i l i t y has been temporally given a s shown i n s e c t i o n 4.
Namely t h i s Gas Recycle System should manage 925 glday of Oxygen and 1,130 g/day of carbon d i o x i d e corresponding t o 30 l i t . / h r . of O2 and 25 l i t . / h r . of CO .
The o p e r a t~o n a l p r y s u r e of t h e gas b o t t l e s i s about 10 kgtlcm G.
For s a v i n g t h e gas compression energy, t h e lower p r e s s u r e i s b e t t e r , b u t f o r making t h e compact d e s i g n of system t h e a p p r y r i a t e h i g h p r e s s u r e such a s 10 kgt/cmG i s r e q u i r e d . Table 3 shows t h e s e requirements. 8.2 Gas Recycle System Block Diagram Fig. 8 shows t h e Gas Recycle System Block diagram.
I n l e t gas of 3,600 l i t . I h r . i s drawn by t h e blower.
A t t h e f i l t e r c o n t a i n i n g a c t i v a t e d chacoal and Hophalite (Carbonmonoxide (CO) oxiding c a t a l y z e r ) , t h e contaminants s u c h a s CO, odor and p a r t i c l e s a r e removed. A t t h e C02 c o n c e n t r a t e r of S o l i d Amine ( S o l i d Amine C a n i s t e r ) a b o u t 40 l i t . / h r . of C02 i s o b t a i n e d , aqd compressed t o t h e p r e s s u r e of 10 kgtlcm G and s t o r e d i n t o t h e C02 gas b o t t l e s .
3,360 l i t . / h r . of t h e o u t l e t gas (CO l e a n ) r e t u r n s t o t h e cabine atmosphere. r e s i d u a l flow of 200 l i t l h r . i s l e d t o t h e next process, Salcomine 0 c o n c e n t r a t i o n . Table 4 shows t h e l i s t of p r i n c i p a l components of t h e Gas Recycle System. The t o t a l mass of t h i s s y s t e m and t h e e l e c t r i c power consumption a r e e s t i m a t e d a b o u t 202 kg and a b o u t 1.40 kw r e s p e c t i v e l y .
F i g . 9 shows t h e c o n f i g u r a t i o n o f t h e Gas R e c y c l e System. The components of t h e Gas R e c y c l e System w i l l be assernbl-eJ w i t h i n . t h e s p a c e of t h e S i n g l e Rack of t h e SPACE LAB. 
GAS RECYCLE SYSTEM CONFIGURATION
. C o n c l u s i o n
Through t h e c o n c e p t s t u d i e s f o r CELSS e x p e r i m e n t s i n Space S t a t i o n , t h e f o l l o w i n g r e s u l t s had been o b t a i n e d .
( 1 ) The g u i d e l i n e of t h e CELSS t e c h n o l o g y r e s e a r c h and development h a s been e l u c i d a t e d t h r o u g h t h e t i m e .phase m i s s i o n s e t s as t h e strawman model, ( 2 ) The development f e a s i b i l i t y of t h e v a r i o u s hardware n e c e s s a r y t o c o n d u c t t h e CELSS e x p e r i m e n t s i n e a c h t i m e phased m i s s i o n and t h e p r e l i m i n a r y i n t e r f a c e r e q u i r e m e n t s f o r 1 e a c h m i s s i o n -s e t s h a s b e e n c l a r i f i e d t h r o u g h t h e c o n c e p t d e s i g n s t u d i e s . I n s p i t e of t h e s e f r u i t f u l r e s u l t s , many problems t o be s o l v e d f o r d e v e l o p i n g hardware have been found t h r o u g h t h e s e s t u d i e s . A s f o r t h e Gas Recycle System, t h e n e x t two problems seem t o be v e r y i m p o r t a n t f o r e s t a b l i s h i n g t h e s t a b i l i t y of t h e s y s t e m .
4 5 -z;.
( 3 ) The d e g r a d a t i o n mechanism of O2 a b s o r b e r a g e n t s u c h a s complex s a l t s h o u l d be t e s t e d and a n a l y z e d t h r o u g h bench t e s t s and i f t h e d e g r a d a t i o n c h a r a c t e r i s t i c s a r e n o t s u f f i c i e n t a more s t a b l e a g e n t s h o u l d b e d e v e l o p e d . ( 4 ) For e s t a b l i s h i n g complete g a s r e c y c l e i n t h e CELSS, t h e b a l a n c e between t h e r e s p i r a t i o n q u o t i e n t o f h e t e t o t r o p h and t h e a s s i m u l a t i o n q u o t i e n t of a u t o t r o p h s h o u l d be e s t a b l i s h e d w i t h i n a d e f i n i t e p e r i o d of t i m e , t h e p o s s i b i l i t y f o r keeping t h i s b a l a n c e w i t h t h e g a s r e c y c l e s y s t e m s h o u l d b e t e s t e d and checked t h r o u g h ground b a s e d e x p e r i m e n t s , i f i m p o s s i b l e , t h e a d d i t i o n a l equipment f o r k e e p i n g t h e b a l a n c e s h o u l d be i n t r o d u c e d a s a s u b s y s t e m i n t h e CELSS hardware. These s t u d i e s had been conducted under t h e s u p p o r t of many r e s e a r c h e r s b e l o n g i n g t o t h e CELSS r e s e a r c h g r o u p .
The A u t h o r s g r e a t l y a p p r e c i a t e t h e i r s u p p o r t .
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